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Na+-translocating NADH:quinone oxidoreductase (Na+-NQR) is
a redox-driven sodium pump that generates a transmembrane
electrochemical Na+ potential and operates in the respiratory
chain of various bacteria. This enzyme contains two FMN residues
as redox-active prosthetic groups attached by a phosphoester bond
to threonine residues in subunits NqrB and NqrC. Covalently bound
ﬂavin is a common redox-active prosthetic group that can be
attached to proteins by different bond types, yet the mechanisms of
the posttranslational modiﬁcation remain largely unknown. We
have shown that covalent binding of an FMN residue to proteins via
a phosphoester bond is not an autocatalytic process and instead
requires a speciﬁc ﬂavin transferase, ApbE [1]. This enzyme
catalyzes Mg2+-dependent transfer of the FMN moiety from FAD
to a threonine residue of a ﬂavoprotein. Also it was shown that
ﬂavinylation of the Na+-NQR subunits proceeds in bacterial
periplasm [2]. As post-translational modiﬁcation usually succeeds
protein integration into the membrane, our ﬁndings suggest a
periplasmic orientation of the ﬂavin-binding domains of NqrC and
NqrB in mature Na+-NQR. These data led us to propose a new
mechanism of Na+-NQR functioning, involving an electroneutral
Na+/electron symport. The periplasmic location of the bound FMN
residues in Na+-NQR also suggests that this covalent bonding
may help to prevent cofactor loss to the external medium. apbE-
like genes are found in the majority of known bacterial genomes.
Although apbE-like genes are present in all nqr-containing
bacterial genomes, many apbE-containing microorganisms contain
no nqrC or nqrB-like genes in their genomes. This may mean that
the corresponding organisms have as yet unrecognized ApbE-
dependent proteins that also use a covalently bound FMN residue
as a prosthetic group.
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Methane-forming archaea are strictly anaerobic microbes and are
essential for global carbonﬂuxes since they perform the terminal step in
breakdown of organic matter in the absence of oxygen. Major part of
methane produced in nature derives from the methyl group of acetate.
Only members of the generaMethanosarcina andMethanosaeta are able
to use this substrate for methane formation and growth. Since the
free energy change coupled to methanogenesis from acetate is only
−36 kJ/mol methane, aceticlastic methanogens developed efﬁcient
energy-conserving systems to handle this thermodynamic limitation.
The membrane bound electron transport systems of aceticlastic
methanogens are complex branched respiratory chains that can
accept electrons from hydrogen, reduced coenzyme F420 or reduced
ferredoxin. The terminal electron acceptor of this anaerobic respira-
tion is a mixed disulﬁde composed of coenzyme M and coenzyme B.
Reduced ferredoxin has an important function under aceticlastic
growth conditions and novel and well-established membrane
complexes oxidizing ferredoxin will be discussed. Membrane bound
electron transport is connected to energy conservation by proton or
sodium ion translocating enzymes (F420H2 dehydrogenase, Rnf
complex, Ech hydrogenase, methanophenazine-reducing hydroge-
nase and heterodisulﬁde reductase). The resulting electrochemical
ion gradient constitutes the driving force for ATP synthesis.
Methanogenesis, electron transport, and the structure of key enzymes
will be discussed leading to a concept of how aceticlastic methanogens
make a living.
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